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Abstract: Solar refrigeration represents an important application of solar energy due to the excellent matching 
between the high sun shine and the refrigeration needs. The absorber heated by solar energy contains an activated 
carbon–ammonia pair. Comparing and analyzing the performance of some usually used working pairs, the active 
carbon-ammonia was selected as the best refrigeration working pairs in this thesis. Several typical structure adsorbent 
beds had been analyzed, the key problems which should be solved in designing adsorbent bed had been indicated and 
the constraint conditions of designing adsorbent bed had been generalized. Based on the above analysis, a new style 
structure adsorbent bed had been designed, which has some characters as follows: compact structure, good 
performance in bearing strength, high efficiency in heat & mass transfer, great packing amount of adsorbent , and 
uniform temperature field in the bed. 
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1 Introduction 
Solar refrigeration represents an important application of solar energy due to the excellent matching 
between the high sunshine and the refrigeration needs. It constitutes the best manner of utilization of solar 
energy due to the in-phase rapport between the availability of the solar radiation and the cooling 
requirements. Roughly 80% of our energy consumption comes from fossil fuels and therefore non-
renewable resources [1]. The use of such refrigeration systems in the remote part of developing countries, 
where there is a shortage of electricity supply, is useful for storage of medical products, foods or habitat 
comfort [2].An alternative solution for this problem is to make use of solar energy which is available in 
most areas and represents a good source of thermal energy [3]. Adsorption bed is a kind of environmental 
friendly refrigeration that can use solar energy effectively and do no harm to the environment. In 
adsorption refrigeration system, there are many factors affecting the operation of the system, including 
the matching of working pair, operation condition, difference of actual cycle and ideal cycle, all factors 
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affecting circulating . [4-5] Some Company has built heat regenerative adsorption refrigeration, whose 
working pair is silica gel-water. The adsorbent bed was made of aluminum plate fin heat exchanger. The 
unit's performance is closely related to the operation cycle, the hot water inlet temperature, the cooling 
water outlet temperature, and the flow. [6-8] 
This paper adopts the fin-plate adsorption bed, constructs single bed in adsorption refrigeration system 
test bench, which employs activated carbon ammonia as working fluid, tests the refrigerating capacity, 
COP, and adsorbent bed temperature increases with the heating fluid to the inlet temperature and velocity 
variation. 
2. Experimental system and procsss 
2.1 Experimental system 
The adsorption refrigeration system is shown in Figure 1, the whole system consists of four parts: 1) 
heat exchanger: adsorption bed, condenser and evaporator of three a rib plate type and heat exchanger; 2) 
heating and cooling systems : It is connected in a certain way mainly by the heat, cold source and a ball 
valve, achieving the adsorption bed heating and cooling through the ball valve switch. 3) the cold quantity 
output system of unit: including a coolant tank, chilled water pump and valve. Through a refrigerant 
pump provides circulation power and the ball valve switch, refrigeranting capacity in the evaporator is 
outed into the refrigerant tank; 4) measuring system: including pressure, temperature, flow rate measuring 
instrument. 
 
 
Fig 1 Flow chart of the activated carbon-ammonia adsorption refrigeration system 
2.2 Experimental process 
Refrigeration cycle consists of two processes, i.e. heating desorption process of condensation and 
evaporation cooling adsorption process. According to the two working process, test procedure design 
should include two parts. 
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2.2.1 Heating regeneration 
When the test preparation work is completed, start heating desorption process, open the heating cabinet of the 
electrical heating water tank, adjust the heating power. When the tank water is heated to tested value, open the valve 
to heat the adsorption bed, then pressure and temperature will rise contiunely. Then it is the first process of adsorption 
refrigeration cycle, namely equal amount of adsorption heating process. When the pressure reading on the meter is 
more than the design of condensing pressure, open the valve before condenser, at the same time open cooling  water 
circuit to cool the condenser. The desorbed ammonia from the adsorption bed will be condensed into liquid in the 
condenser through a connecting line and accunulated, and the pressure in the adsorption bed is basically unchanged. 
When the average temperature of the adsorption exceeds the maximum cycle desorption temperature, close the power 
and the valve before condenser, then heating desorption process of condensation end. 
2.2.2.Adsorption refrigeration 
When the desorptionprocess is finished, then the next folloes evaporation adsorption process text. Open the 
adsorbent bed of cooling water circuit, then the pressure and temperature reduced quickly. This is the adsorption 
refrigeration cycle in third phases namely, adsorption cooling stage.When the pressure in the adsorption bed reduces 
to the set of the evaporation pressure, open the adsorption bed and the valve of the evaporator, and opening the 
refrigerant water circuit, the liquid ammonia continuously evaporated in the evaporator and is adsorbed to the 
activated carbon of the adsorbent bed. Then the temperature of the chilled water drops ceaselessly, the pressure of the 
process is maintained in the evaporation pressure or so. When the average temperatures in the adsorbent bed drop to 
the setted adsorption temperature, close cooling water circuit and the valve before the evaporator, then the whole loop 
is ended. 
3. Discussion and analysis  of experimental results  
3.1 heat transfer fluid velocity on the adsorbent bed heat transfer 
The heat source temperature of the test is 80℃, the inlet temperature of cooling water is 28 ℃, then 
the heat transfer fluid flow change of the adsorption bed temperature influence diagram, as shown in 
figure 2. The chart shows, at the time of heating, heat transfer fluid velocity has little effect on the bed 
temperature. As the heat transfer fluid flow increases, the adsorption bed layer temperature increased, but 
the increasing extent remains constant. This is due to the adsorbent thermal resistance in the adsorption 
bed is big, heat transfer fluid flow velocity is increased greatly, the convective heat transfer coefficient 
increases, though, the heat conduction within a bed is controlled by the larger adsorbent, therefore, if the 
speed is not high, adsorption bed layer temperature is little affected by heat transfer fluid flow .It may 
also because the heat transfer fluid velocity is small, the heat transfer fluid can be exchange heat with 
adsorption bed good and sufficiently. If the heat transfer fluid velocity is too large, the heat transfer fluid 
and the adsorption bed layer has not sufficient heat exchange, and has reached the end of adsorbent bed. 
Heat transfer fluid flow only affect the adsorption heat of the system efficiency, affect bed temperature 
distribution, and thermal conductivity of bed layer itself is not affected, so reasonable selection of the heat 
transfer fluid velocity is the regulation of adsorption refrigeration system for cost effective means. 
3.2The impact of heat transfer fluid temperature on the system 
Figure 3 shows an average temperature changes in a complete cycle of the adsorbent bed with time, test 
conditions are: cooling water entrance average temperature of 28  ℃; average evaporation temperature of 7 ℃; hot 
water entrance average temperature respectively of 75  ℃, 85  ℃, 95  ℃; cycling time of 22 minutes ( including 
heating desorption accounted for 10 minutes ). It can be seen from the figure, the heat transfer fluid inlet temperature 
Shu Xu\ / Energy Procedia 14 (2012) 1542 – 1547 1545ShuXu/ Energy Procedia 00 (2011) 000–000 
effceted the bed layer temperature changes greatly along with the fluid temperature increase and change. Seen by the 
graph, at the initial heating stage, adsorption remains to be constant, desorption is zero, all heat inputed is used to the 
bed’s temperature raising, therefore the adsorption bed temperature rise faster. After 200 seconds of heating, the 
adsorption bed  began to desorption, the temperature raises slowly due to the requirment of heat. Till to 600 seconds, 
the heating ends. Similarly, at the cooling the initial stage, the adsorption amount of the adsorption bed becomes zero, 
the exothermic heat of adsorption is zero, all the cold quantity is used to coller the bed, so the adsorption bed 
temperature decreased rapidly. After 3-4 minutes of colling, the pressure in the adsorbent bed is closed to the 
evaporation pressure, the adsorbent bed begins to adsorb. Due to the adsorption of exothermic adsorption bed 
temperature slowed down, cooling after 10 minutes, the adsorption bed temperature drop to the adsorption 
temperature. 
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Fig 2 Curve of adsorbent bed temperature vs. time 
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Fig 3 Curve of adsorbent bed mean temperature vs. time 
3.3 Evaporation temperature influence to system performance 
The performance of unit and the evaporation temperature is closely related to. Test on the heat source temperature 
of 85 C, the inlet temperature of cooling water of 28 C the performance of the unit with the evaporating temperature 
changes, as shown in figure 4. From the test results we can be seen, in the case of evaporation temperature less than 
1546  Shu Xu\ / Energy Procedia 14 (2012) 1542 – 1547  5 
10 DEG C , COP of the nuit sets up to 0.2, when the evaporation temperature is raised to 15 degrees C, COP sets up 
to 0.28. Performance of the unit increases with the evaporating temperature  
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Fig 4 Curve of adsorbent bed mean temperature vs. time 
 
4. Conclusion 
This chapter describes the design of the enhanced heat transfer of adsorption system and the method of putting up 
the basic adsorption refrigeration cycle test rig and its system operation process.This paper summarizes the single bed 
adsorption system test prototype test results, as a new type of adsorption refrigeration system design provides a 
valuable reference. 
 (1) When the evaporation temperatures are high, the influence of mass transfer resistance on actual system is 
reduced, the test results and theoretical calculation the calculated results are close to each other. 
(2) Heat and mass transfer both play an important role on the performance of the system in the experiment of 
cooling conditions, the value of COP are relatively low. The result corresponding to the main test conditions are as 
follows: cooling water temperature of 28  ℃, heating hot water temperature of 85 ℃, evaporation temperature of 
5  ℃, the cycle time for 22min ( including heating desorption time 10min ). The low performance parameters relates 
to the fact that single adsorption bed has not heat and mass recovery affect and that adsorption bed metal heat 
capacity is bigger. So it is necessary to adopt the double bed system, application of thermal mass recovery technology 
to improve system COP. 
  (3) The temperature of heat source has a great influence on the the adsorption bed temperature, COP in a 
certain temperature range increases with the increase of heat source temperature,and a trend of increase will become 
smaller and smaller. 
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